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The present invention relates to a bi-directional printing apparitus a 

CD 

and a bi-directional printing method for effecting color printing by scannlhg 
bi-directionally a printing material with a recording head for applying a plurality of 
(different) color inks at different ink amounts to the printing material, and more 
particularly to a bi-directional printing apparatus, a bi-directional printing method 
and a print wherein color non-uniformity attributable to the bi-directional color print 
operation is prevented. 

In the field of a printing apparatus, particularly an ink-jet type 
printing apparatus, increase of a recording speed for a color print is desired. To meet 
this desire, increase of the length of the recording head, increase of the frequency of 
actuation of the recording head, and bi-directional printing are generally considered. 
Bi-directional printing is advantageous in that required energy is less concentrated 
than in unidirectional printing and is scattered in terms of time under the same 
throughput, and therefore, it is advantageous as to the cost of the total system. 

However, the bi-directional printing type is disadvantageous in that it 
involves an essential problem in that the order of deposition, application or shot of 
the inks of different colors is different between the forward direction of the 
main-scanning and the backward direction thereof, depending on the structure of the 
recording head, and therefore, color non-uniformity in the form of bands results. 
The problem arises from the order of the ink applications, and therefore, a difference 



in the coloring more or less appears when different color dots are overlaid with each 
other even slightly. 

When an image is formed by ejecting coloring materials such as 
pigment or dye ink onto a printing material, the ink first applied first dyes the 
printing material from the surface layer to the inside of the printing material. When 
a subsequent dot ink is applied in the manner that it at least partly overlaps with the 
prior ink dot, the subsequent ink dyes more at a portion below the already dyed 
portion, and therefore, there is a tendency that the resultant color has a 
first-color-rich nature. On the other hand, in the case that ejection nozzles for 
different colors are arranged in the main scan direction, the order of ink shots in the 
forward scanning operation is opposite fi-om the order of the ink shots in the 
backward scanning operation. Therefore, the band color non-uniformity occurs due 
to the difference in the coloring. 

The phenomenon occurs similarly in the case of wax type coloring 
material when a process color is formed due to the time difference, although the 
printing principles are different. 

In the ink jet printer supporting the print, the problem is avoided 
using the following methods: 

1) accept the color non-uniformity; or, only black (Bk) is printed bi- 
directionally; 

2) the nozzles for different colors are arranged in the sub-sc£m 
direction (so-called vertical arrangement); 
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3) use is made of nozzles for forward path and nozzles for backward 
path, and the different nozzles or heads are used in the forward path and the 
backward path so that order of shots are the same; or 

4) the printing is effected such that rasters to be printed during the 
5 forward path and the backward path are interlaced, by which the frequency of the 

color non-uniformity due to the difference in the order of the shots is increased to 
provide visual uniformity (Japanese Patent Application Publication Hei 2-41421, 
Japanese Laid-open Patent Application Hei 7-112534), 

When such methods are used, dots of different diameters can be 

10 placed in the image, so that an image of less granularity is perfected by relatively' 

smaller droplets, and a wide area is printed with relatively larger droplets with a 
smaller number of droplets, thus accomplishing high speed and high quality printing. 

For this, two kinds of methods have been widely proposed. More 
particularly, in a printing apparatus provided with a recording head capable of 

15 ejecting at least two sizes of liquid, that is, relatively larger droplets and relatively 

smaller droplets, A) the printing is carried out with single size droplets selected in 
accordance with a resolution or the like, B) different (at least two) droplet sizes of 
dots are mixed in accordance with the tone gradation data. 

However, the conventional technique 1) does not provide a 

20 fundamental solution, and the throughput is significantly lower when a color image 

is printed. In conventional technique 2), the shot orders are the same in the forward 
path and the backward path, but the length of the recording head is large, and 
another difference in the coloring occurs due to the time difference in the shots of 
different colors. 



Conventional technique 3) is equivalent to using two independent 
sets of recording heads even if the recording heads for the forward path and the 
backward path are built in the same substrate, and therefore, a color non-uniformity 
arises due to a large color difference in the form of bands attributable to the 
difference of the properties of different heads. For example, due to the difference in 
the data ratio of the forward path data to the backward path data, the temperature of 
the recording head may be different, and there arises a difference in the ejection 
amounts between the recording heads, which would result in the color nonuniformity 

in the form of bands. 

Conventional technique 4) provides regularly high frequency color 
non-uniformity to visually hide the color non-uniformity, but the color difference 
may be stressed by interference, depending on the print data. For example, when the 
color difference is produced for each raster line, a large color difference results even 
if the same color is instructed, when there are a portion where the incidence is high 
on the even number rasters and a portion where the incidence is high on the odd 
number rasters in the forward path and the backward path due to a half-tone process 
such as shading or the like. 

In either of method A) or B) for effecting color printing using 
different droplet sizes, when the recording heads for the respective colors are 
arranged in the main scan direction, and 1 path bi-directional printing is effected, the 
non-uniformity due to the bi-directional printing is conspicuous similarly to 
conventional techniques 3) and 4). 



SUMMARY OF THE INVENTION: 

Accordingly, it is a principal object of the present invention to 
provide a printing apparatus, a printing method and a print wherein the color non- 
uniformity attributable to the scanning directions can be reduced even if a 
bi-directional color print is carried out with differet amounts of ink deposited. 

It is another object of the present invention to provide a printing 
apparatus, a printing method and a print wherein the occurrence of the color 
non-uniformity attributable to the scanning direction is prevented irrespective of the 
print data with different amounts of ink deposited. 

According to an aspect of the present invention, there is provided a 
printing apparatus for forming a color image by applying different color inks to a 
printing material while bi-directionally moving the recording head to scan the 
printing material, said apparatus comprising changing means for changing an order 
of applications of the inks of different colors to be applied at least at one amount for 
printing a secondary color to a secondary color pixel area; and forming means for 
forming the secondary color while making the order of applications of the inks to at 
least one of a plurality of the secondary color pixel areas arranged along a 
predetermined direction different from the order of another, by said changing means. 

According to another aspect of the present invention, there is 
provided a printing apparatus for forming a color image by application of different 
color inks to a printing material while bi-directionally moving the recording head to 
scan the printing material, said apparatus comprising changing means for changing 
an order of applications of inks of different colors to be applied at least at one 
amount to form a process color in a process color pixel area; and forming means for 



forming the process color by making an order of applications of the inks to at least 
one of the process color pixel areas arranged in a raster direction different from the 
order of another, by said changing means. 

According to a further aspect of the present invention, there is 
provided a printing apparatus for forming a color image by effecting scanning bi- 
directional movement of a recording head having recording elements corresponding 
to different color inks arranged symmetrically in a scanning direction and applying 
the color inks at different amounts, said apparatus comprising a plurality of print 
buffers corresponding to the recording elements arranged symmetrically; and 
distributing means for distributing print data for a color to be printed to at least one 
of the print buffers on the basis of an image signal corresponding to the color image. 

According to a further aspect of the present invention, there is 
provided a printing method for forming a color image by application of different 
color inks onto a printing material at different amounts while bi-directionally 
moving the recording head to scan the printing material, said method comprising: a 
first step of application of ink of a certain color ink at least at one amount to form a 
secondary color to a secondary color pixel area; and a second step of application of 
different color inks to form the secondary color in the secondary color pixel area in 
an order of applications which is different from the order in the first step. 

According to a further aspect of the present invention, there is 
provided a print having a color image provided by different color inks, comprising: a 
printing material; a plurality of secondary color pixel areas arranged in a 
predetermined direction on the printing material; wherein the plurality of pixel areas 
are printed by different color inks at least at one amount, and wherein an order of 



applications of the inks to at least one of the pixel areas is different from the order of 
another. 

With such a structure, the pixel areas of a process color including a 
secondary color, arranged in a predetermined direction such as the raster scan 
direction, are dominantly provided by application of the inks in different application 
orders, and therefore, the orders of applications are substantially the same 
irrespective of the scanning directions so that generation of the color non-uniformity 
attributable to the order of applications of the inks can be reduced. 

In this specification, the term "printing" or "recording" includes 
formation, on a recording material, of significant or non-significant information such 
as an image, a pattern, a character, a figure and the like, and processing of a material 
on the basis of such information, in a visualized or non-visualized manner. 

Here, the "recording or printing material" includes paper used in a 
normal printer, a textile, plastic resin material, film material, a metal plate and the 
like which can receive ink. 

Here, "ink or liquid" includes liquid usable with the "printing" or 
"recording" defined above, and liquid usable to form an image, pattern or the like on 
the printing material or to process the printing material. 

The term "pixel area" means a minimum area where a primary color 
or secondary color is provided by application of one of more inks, and is not limited 
to a pixel but includes a super pixel or a sub-pixel. The number of scannings to 
complete the pixel area is not limited to one but may be plural. 

The term "process color" includes secondary colors, and means a 
color provided by mixing three or more colors on the printing material. 
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These and other objects, features and advantages of the present 
invention will become more apparent upon a consideration of the following 
description of the preferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS: 

Figure 1 shows a substantial structure of an Inkjet printing apparatus 
according to an embodiment of the present invention. 

Figure 2 is a block diagram of a control circuit for a printing 

10 apparatus. 

Figure 3 shows an example of a recording head, an allotment of 
ejection nozzles and pixels according to an embodiment of the present invention. 

Figure 4 is a block diagram illustrating a buffer structure for the print 
data according to the present invention. 
15 Figure 5 illustrates another example of the structure of the recording 

head and the ejection nozzles. 

Figure 6 illustrates another example of the structure of the recording 
head and the ejection nozzles. 

Figure 7 illustrates another example of the structure of the recording 
20 head and the ejection nozzles. 

Figure 8 illustrates another example of the structure of the recording 
head and the ejection nozzles. 

Figure 9 illustrates another example of the structure of the recording 
head and the ejection nozzles. 



Figure 10 illustrates a structure of a pixel according to a second 
embodiment of the present invention. 

Figure 1 1 shows an example of image formation according to the 
second embodiment of the present invention. 

Figure 12 illustrates production of color non-uniformity in 
bi-directional printing in prior art. 

Figure 13 illustrates a structure of a pixel in a multi-path printing 
according to Embodiment 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS: 

In the first embodiment, there is provided control means for effecting 
control such that when the use is made with a recording head having the recording 
nozzles for applying respective colors of inks at different amounts which are 
arranged synmietrically as seen at least in the main scan direction, for pixels which 
contain at least different color dots to be applied at least at one amount, the 
occurrence probabilities of different orders of printing of at least the different colors 
in the forward path print and the backward path print are dominantly equal in effect. 
In this case, the recording head may have nozzles having a relatively larger ejection 
amount and nozzles having a relatively smaller ejection amount in combination, or 
the head may have a variably controllable ejection amount for each nozzle. By 
doing so, the color non-uniformity attributable to the bi-directional print, which may 
be caused by synchronism with the configuration data per se of a lateral ruler line or 
the like or by synchronism with half-toning in the dither or the like, can be 
prevented. 
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The above-described structure is effective in a half-tone area, 
particularly a low density portion of a color image, and for the high density portion, 
it is effective that for one pixel, a plurality of dots of the same color ink is allotted 
with respect to at least one color of the used inks and that use is made with means 
for making it dominant that the order of the shots of the inks constituting the second 
or higher color for a secondary or higher color is symmetrical. 

The description will be made as to the embodiments of the present 
invention. In the Figures, the same reference numerals are assigned to elements 
having corresponding functions. 

Figure 1 shows a structure of a major part of an ink jet printing 
apparatus according to an embodiment of the present invention. 

As shown in Figure 1 , a cartridge 1 is exchangeably moxmted on a 
carriage 2. The head cartridge 1 comprises a print head portion, an ink container 
portion and a connector portion for receiving and supplying signals for driving the 
head portion (unshown). 

The head cartridge 1 is carried on the carriage 2 at a correct position 
and is exchangeable, and the carriage 2 is provided with a connector portion and a 
holder (electrical connecting portion) for transmission of the driving signals or the 
like to the head cartridge 1 through the connector. 

The carriage 2 is reciprocably supported and guided by a shaft 3 and a 
guide of the main assembly of the apparatus, which is extended in a main scan 
direction. The carriage 2 is driven through a driving mechanism such as a motor, a 
pulley 5, a driven pulley 6, a timing belt 7 or the like by a main-scanning motor 4, 
and the position and the movement are controlled. A home position sensor 30 is 



carried on the carriage. By this, the position of the carriage 2 can be detected when 
the home position sensor 30 of the carriage 2 passes by the shielding plate 36. 

The print mediums 8 in the form of print sheets, thin plastic resin 
sheets or the like are fed out one by one from the automatic sheet feeder ("ASF") by 
rotating the pick-up roller 3 1 through a gear by a sheet feeding motor 35. By 
rotation of the feeding roller 9, the sheet is fed through (scanned by) a position (print 
portion) where the sheet is opposed to the ejection outlets of the head cartridge 1. 
The feeding roller 9 is rotated through the gear by rotation of the LF motor 34. At 
this time, the discrimination of the sheet feeding and the determination of the 
leading edge of the sheet is effected by the timing at which the print medium 8 
passes by the paper end sensor 33. The paper end sensor 33 is also effective to 
detect the actual position of the trailing edge of the print medium 8 and to make the 
final determination of the current recording position. 

The print medium 8 is supported by a platen (unshown) at its back 
side so as to provide a flat print surface at the print portion. The heads and 
cartridges 1 on the carriage 2 are supported such that ejection side surfaces thereof 
are faced downward in parallelism with the print medium 8 between the feeding 
rollers constituting a pair. 

The head cartridge 1 is an ink jet head cartridge which ejects the ink 
using thermal energy, and is provided with electrothermal transducers for generating 
the thermal energy. In this example, the print head of the head cartridge 1 ejects the 
ink through the ejection outlet using the pressure of the bubble generated by film 
boiling caused by the thermal energy applied by the electrothermal transducer. 
Another type using a piezoelectric element to eject the ink, or the like is usable. 
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Figure 2 is a block diagram of a control circuit in the ink jet printing 

apparatus. 

In Figure 2, a controller 200 is a main controller, and comprises a 
CPU 201 (a micro computer or the like), ROM 203 storing a program, a table, fixed 
data or the like, and RAM 205 having an area for conversion of image data and a 
working area. The host apparatus 210 may be a supply source of image data (a 
computer for carrying out production and processing of data such as an image to be 
printed, or a reader portion for reading the image to be printed, or the like). The 
image data, command, a status signal or the like are transmitted to and from the 
controller 200 through the interface (I/F) 212. 

The operating portion 120 includes a group of switches for actuation 
by the operator, and includes a main switch 222, and a recovery switch 226 for 
instructing the start of a suction refreshing operation. 

A group of sensors includes sensors for detecting states of the 
apparatus, more particularly, the above-described home position sensor 30, a paper 
end sensor 33 for detecting presence or absence of the print medium and temperature 
sensors 234 or the like disposed at proper positions for detecting the ambient 
temperature. 

The head driver 240 is a driver for actuating the ejection heater 25 of 
the head cartridge 1 in accordance with the print data. The head driver 240 includes 
a shift register for aligning the print data corresponding to the positions of the 
ejection heater 25, a latching circuit for effecting latching at proper timing, a logic 
circuit element for actuating the ejection heaters in synchronism with the drive 
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timing signal, and a timing setting portion for appropriately setting the drive timing 
(ejection timing) for dot formation and position alignment, or the like. 

The heat cartridge 1 is provided with a sub-heater 242. The 
sub-heater 242 functions for temperature adjustment for stabilizing the ink ejection 
property, and may be formed on the print head substrate simultaneously with the 
formation of the ejection heater 25 or may be mounted on the head cartridge or on 
the main body of the print head. 

The motor driver 250 functions to actuate the main-scanning motor 4, 
and the sub-scan or LF motor 34 functions to feed the print medium 8 (sub-scan), 
and the motor driver 270 is a driver therefor. 

The sheet feeding motor 35 is a motor for separating and feeding the 
print medium 8 from the ASF, and the motor driver 260 is a driver therefor. 
(Embodiment 1) 

Figure 3 is a partial thematic view of a major part of a recording 
head portion of a head cartridge 1. In this Figure, designated by 100 is a first 
recording head for ejecting cyan ink (CI). Designated by 101 is a first recording 
head for ejecting magenta ink (Ml). Designated by 102 is a first recording head for 
ejecting yellow ink (Yl). Designated by 103 is a second recording head for ejecting 
yellow ink (Y2). Designated by 104 is a second recording head for ejecting magenta 
ink (M2). Designated by 105 is a second recording head for ejecting cyan ink (C2). 
Additionally, a recording head for ejecting Bk ink may be used. 

The head cartridge 1 is constituted by such recording heads. 

In head cartridge 1, each of the recording heads includes a plurality of 
ejection nozzles. For example, the recording head lOOCl includes cyan ejection 
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nozzles 1 10 for ejecting a relatively larger size of droplet of cyan ink. The recording 
head 101 Ml includes magenta ejection nozzles 1 12 for ejecting a relatively larger 
size of magenta droplet. The recording head 104M2 includes magenta ejection 
nozzles 1 13 for ejecting a relatively smaller size of magenta droplet. The recording 
head 105C2 includes cyan ejection nozzles 1 1 1 for ejecting a relatively smaller size 
of cyan droplet. 

The nozzles of each of the recording heads are arranged in a direction 
perpendicular to the main scan direction. Strictly, they may be slightly inclined 
relative to the main scan direction in consideration of the ejection timing. The 
recording heads are arranged in the same direction as the main scan direction. More 
particularly, in the example of Figure 3, each of the recording heads lOOCl, lOlMl, 
102Y1, 103Y2, 104M2 and 105C2 is arranged in the same direction as the main 
scan direction. 

The two recording heads for the respective colors are disposed such 
that nozzles for ejecting relatively larger droplets and the nozzles for ejecting 
relatively smaller droplets alternate in the opposite directions; that is, the nozzles for 
ejecting the same amount of inks are staggered. 

Here, the intervals of the nozzles are arranged at the density of 720 
dpi, and therefore, the nozzles for ejecting the relatively larger droplets are disposed 
at the density of 360 dpi, and the relatively smaller droplet ejecting nozzles are 
disposed at the density of 360 dpi. 

In Figure 3, the dot positions 122, 123 of the pixel 130 are allotted 
with dots provided by relatively larger cyan and magenta droplets, and the positions 
120, 121 are allotted with dots provided by relatively smaller droplets. The dot 
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position 122 is the position to which the dot ejected through the ejection nozzle 1 10 
of the recording head lOOCl and the dot ejected through the ejection nozzle 1 12 of 
the recording head lOlMl are allotted, for the area of the pixel 130. 

The dot positions 122 in this Figure are the positions allotted for the 
dot provided by the ejection nozzle 117 of the recording head 104M2 and the dot 
provided by the ejection nozzle 1 15 of the recording head 105C2, both for the area 
of the pixel (picture element) 130. In this example the dot position 122 is located on 
the upper right position of the diagonal line, and the dot position 123 is located on 
the upper left position. 

The dot position respective in the same Figure is the position to 
which the dot ejected through the ejection nozzle 113 of the recording head 104M2 
and the dot ejected through the ejection nozzle 1 1 1 of the recording head 105C2 are 
allotted for the region of the pixel 130. The dot position 121 in the same Figure 
indicates the position to which the dot ejected through the ejection nozzle 1 14 of the 
recording head lOOCl and the dot ejected through the ejection nozzle 116 of the 
recording head lOlMl are allotted for the region of the pixel 130. Here, dot position 
120 is the upper right diagonal position, and the dot position 121 is the lower left 
diagonal position. Designated by R1-R4 are main-scanning lines for the pixels, 
namely, raster lines. Here, 1 pixel is provided by 2 raster scans. 

Therefore, the pixels are arranged at the resolution of 360 dpi x 360 
dpi. In the same Figure, the inks of the different colors are printed dot-on-dot in 
each pixel. The blue color (secondary color) is provided by cyan and magenta. The 
dot position 122 receives the ink fi-om the magenta ejection nozzle 112 of the 
recording head lOlMl in the forward path, and then receives the ink from the cyan 



- 16- 

ejection nozzle 1 10 of the recording head lOOCl. From the above-described 
principle, the color of the first ink (magenta in this case) normally tends to be 
dominant, that is, the color is relatively closer to the burgundy color, at the dot 
position 121. 

The same relation applies to portions 120, 121 to which the relatively 
smaller dots are allotted. 

The print in the backward path will be considered. The ink from the 
cyan ejection nozzle 110 of the recording head lOOCl and the ink from the magenta 
ejection nozzle 112 of the recording head lOlMl are printed in this order. The color 
of the first ink (magenta in this case) normally tends to be dominant, that is, the 
color is relatively closer to the violaceous color, at the dot position 123. Similarly, 
in the backward path, the dot position 120 receives the ink from the magenta 
ejection nozzle 1 13 of the recording head 104M2, and then receives the ink from the 
cyan ejection nozzle 111 of the cyan of the recording head 105C2. The color of the 
first ink (magenta in this case) normally tends to be dominant, that is, the color is 
relatively closer to the burgundy color, at the dot position 123. 

The same relation applies to portions 120, 121 to which the relatively 
smaller dots are allotted. - 

In Figure 3, white circles indicate dots where the magenta ink is 
printed and then the cyan is printed thereafter, and hatched circles indicate dots 
where the inks are deposited in the opposite order. The dots are disposed at four 
comers, but this is not limiting, and the dots may be disposed at any position if they 
are in the pixel area. Further alternatively, all of the dots may be printed dot-on-dot. 
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Even in the deviated arrangement, the dots in the pixel area are generally overlapped 
partly with each other. 

In this manner, the blue relatively closer to burgundy (bxirgundy blue) 
and the blue relatively closer to violaceous (violaceous blue) always appear as a pair. 
Microscopically, the differently colored dots appear diagonally. When this is seen 
on the pixel 130 macroscopically, the orders of shots (applications) of the ink are 
such that the larger size dots and relatively smaller size dots are synunetrical in the 
pixel structures. Therefore, in the single pixel, the intermediary blue color can be 
uniformly provided. 

In this invention, it is dominant that colors constituting a secondary 
color for a pixel are symmetrically printed for the pixel. In this example, the blue 
color (cyan and magenta) is taken as the secondary color, but it will be readily 
understood that the present invention is applicable to the red color (magenta and 
yellow) and to the green color (cyan and yellow). 

In this embodiment, 7-level data (3 bits) (level 1 means minimum 
density (non-ejection); and level 7 means the maximum ) for each one component 
color corresponding to each color are normally used. The number of bits is not 
limited to 3 bits, but may be 4 bits or the like. Furthermore, even when the 3 bit data 
are used, only predetermined levels may be used. Particularly, the bit number is 
determined in view of the relation between the recording resolution and the dot 
diameter from the standpoint of the design philosophy of the degrees of the tone 
gradation for each pixel and the maximum density, and the present invention is 
usable with any of them. 
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The pixels indicated by reference numerals 130 - 139 in Figure 3 
show states of dots allotted in accordance with tone gradation data ranging between 
level 1 to level 7. 

The pixels 133 in Figure 3 correspond to a datum of level 5, and are 
printed by only relatively larger dots of the same head structure. The pixels 136 in 
Figure 3 correspond to a datum of level 3, and are printed by only relatively smaller 
dots from the same head structure. Each of these pixels constitutes a 2 dot pair for 
each size, and therefore, the result is that pixel stmcture is such that the relatively 
larger dots and the relatively smaller dots are disposed symmetrically irrespective of 
whether they are printed in the forward path or in the backward path. Therefore, 
looking at each pixel, the blue coloring is uniform. 

The pixel 139 corresponds to level 1 data, that is, no print. In this 
case, no ink is applied, so that there is no need of considering difference in the 
coloring attributable to the difference in the scanning moving direction. 

Regarding a half-tone image other than those described above within 
the pixel, the 2 dot pair results in the maximum density in the same size, and 
therefore, the dots are unable to be allotted in the 2 dot pair type. Namely, any 
pairing of dots with symmetrical shooting order cannot be used. 

In this embodiment, for such dots of each pixel, the control is 
effected such that occurrence probabilities, in the forward path and the backward 
path, of at least the pixels in which the order of prints for each color are different, 
are substantially the same, by which the coloring provided by the forward path 
printing and the coloring provided by the backward path printing are 
macroscopically the same. 
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Pixels 131 and pixels 132 show the dot arrangement corresponding to 
level 6 data. In pixels 131 and pixels 132, the relatively larger dots are symmetrical 
in the printing order in the forward path and in the backward path, but at positions 
120, 121, the dot disposition is such that relatively smaller dots where the order of 
printing is opposite are only at one side. In the pixels 131, there are more blue dots 
which are relatively closer to the violaceous color (the coloring of cyan which has 
been shot first is dominant). Since the additional dots are relatively smaller dots, 
their influence is less significant than the relatively larger dots, but the hue is a little 
different. In the pixels 132, there are more blue dots which are relatively closer to 
the burgundy color (the coloring of magenta is dominant). Since the dots are 
relatively smaller dots, the influence is less significant than the relatively larger dots, 
but the hue is a little different. 

Pixels 137 and pixels 138 show the dot arrangement corresponding to 
level 2 data. At the pixels 137, 138, use is made only of relatively small dots which 
are shot in opposite order only at one side. Therefore, the pixel 137 is blue which is 
relatively closer to violaceous color (closer to cyan which has been shot first). 

The pixel 138 is, on the contrary, blue which is relatively closer to 
burgundy color (closer to cyan which has been shot first). The same applies to the 
pixels 134, 135 which correspond to the data of level 4. 

In this embodiment, a plurality of dot arrangements corresponding to 
the same level data ( pixels 131 and 132 for the data of level 6, for example) are 
switched over both in the forward path and backward path of the print scanning, that 
is, the asymmetrical shooting order is switched in the recording scan. For the 
switching, use is made of a recording head in which the shooting orders of the 
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nozzles for each color are symmetrical with respect to the main scan direction, 
which is one of the features of this embodiment. In other words, the order of 
shooting can be changed in the one main recording scan by selecting which 
recording nozzle of the two same color symmetrical nozzles, which are arranged in 
the main scan direction, is allotted to the dot. 

In this embodiment, when the dots are assigned for the data of each 
color, the dot-on-dot structure is provided, as shown in Figure 3. However, even if 
the dot is allotted to the position deviated in the main scan direction, another 
deviated position is satisfactory if it is within the pixel area. 

Figure 4 shows a data buffer structure of the printing apparatus 
according to this embodiment. 

In this figure, a printer driver 21 1 is actuated by a program for 
generating image data in a host apparatus 210 and for supplying the generated data 
to the printing apparatus. The controller 200 converts the image data supplied from 
the printer driver 211 if necessary and distributes them as 4 bit data for each color 
(CMY) per pixel. The distribution circuit 207 writes the data for each of CMY 
colors in the print buffer 205 such that the dots are allotted to meet the dot 
allotments and levels shown in Figure 3. 

For example, 3 bit data at 360 dpi are written for the cyan color 
(levels 1-7 in Figure 3). In this type of the embodiment, 2 bit data is written in the 
buffers 205C1, 205C2 for the recording heads lOOCl and 105C2, respectively (4 bits 
in total). When the recording heads reach the predetermined positions for the 
recording for the pixels, the data in the buffer are read in the registers in the 
recording heads to effect the printing operations. By such data and the buffer 
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structure, the printing can be effected on the sub-pixels from the different recording 
heads, for the 2 dot pairs. Here, the case of CMY is discussed, but the same applies 
to the case of CMYK, to the case of light and dark inks or other colors. 

At this time, several combinations of dots are possible depending on 
the way of writing the respective data. When all of the sizes of dots are used as with 
the pixel 130 shown in Figure 3, that is, when the level is at 7, "1 1" is written in the 
CI buffer 205C1 shown in Figure 4. The value "11" is indicative of ejecting the ink 
from both of the nozzle 1 10 for ejecting relatively larger ink droplets and the nozzle 
1 14 for ejecting relatively smaller ink droplets. Similarly, "1 1" is written in the 
buffers 205M1, 205M2 and 205C2. 

When the use is made of two dots having the relatively larger size 
and one dot having the relatively smaller size as with the pixel 131 in Figure 3, that 
is, when the level is at 6, "10" is written in the CI buffer 205C1 shown in Figure 4. 
The value "10" is indicative of ejecting the ink only from the nozzle 1 10 for ejecting 
relatively larger ink droplets. On the other hand, "11" is written in the C2 buffer 
205C2. Similarly, the same is written in the buffers 205M1, 205M2. 

In the case of level 6, as described hereinbefore, the distribution 
circuit 207 controls the writing into the buffer such that incidence probability of the 
pixel 131 and the incidence probability of the pixel 132 are substantially equal. 
When the pixel 132 is used, "U" is written in the CI buffer 205C1 of Figure 4. On 
the other hand, "01" is written in the C2 buffer 205C2. The value "01" is indicative 
of ejecting the ink only from the nozzle 1 15 for ejecting relatively larger ink 
droplets. Similarly, the same is written in the buffers 205M1, 205M2. 
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In such a manner, the data is written in the buffers by the distributing 
circuit 207 such that the incidence probabihties of the data "10" and "11" and the 
data "11" and "01" are substantially equal. 

For the other levels 4, 2, the processing is the same as with level 6. 

The print buffers 205C1, C2, Ml, M2, Yl, Y2 are provided in the 

RAM 205. 

In such a case, the distribution may be alternating (sequential) 
distribution of the data to the plurality of (two, here) the buffers or may be random 
distribution. What is desired is that orders of ink applications are not one-sided. 
More desirably, the incidences are fifty-fifty for the above-described reasons. 

It is not necessary to use all of the tone gradation levels shown in 
Figure 3. For example, in the high density portion, the density change saturates with 
respect to the number of dots allotted, and therefore, a binarization process may be 
carried out so that data containing only level 6 is used. 

When it is desired that spatial frequency be raised by reducing the 
intervals between the dots in an image so as to reduce the roughness of the image, 
that complete overlap of the dots be avoided or that non-uniformity in the form of 
stripes be avoided, the distribution circuit 207 may effect the distribution on the 
basis of checking of the appearances of CMY so as to avoid the overlapping of the 
dots. 

Although with respect to Figure 3, the description has been made 
with respect to the dot allotment for the cyan and magenta colors and the blue color, 
which is a secondary color provided by them, the same applies to the yellow and the 
other secondary colors (green and red). 
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In the foregoing Embodiments, the description has been made with 
the examples in which each pixel is printed with a combination of at least the 
relatively larger dot and the relatively smaller dot. However, the present invention is 
not limited to these examples. 

More particularly, with a printer capable of expressing tone gradation 
by different sizes of dots, the image can be formed only by relatively larger dots or 
only by relatively smaller dots, depending on the resolution with which the printing 
is to be effected. The present invention is applicable to such a printer. 

The symmetrical shape recording head usable with the present 
invention is not limited to the structure shown in Figure 3. For example, the 
recording heads shown in Figures 5 to 9 are considered as usable examples, but any 
other structure is also usable if the advantageous effects of the present invention are 
provided. 

Figure 5 shows an example which is similar to the example of Figure 
3, but a black recording head for ejecting black (K) ink is added to the left-hand end, 
and only one yellow (Y) head is located at the center of symmetry, by which the 
structure is simplified. The recording head at the center of the symmetry prints later 
irrespective of the scanning direction. In this example, the yellow recording head is 
located at the center of the symmetry, but this is not limiting. 

For the black recording head and the yellow recording head, only the 
nozzles for ejecting relatively larger droplets are provided. The former is in order to 
provide high density for the black, and the latter is because that yellow color is less 
conspicuous. 



-24- 

Figure 6 shows an example which is similar to the Figure 5 example, 
but the black recording head for ejecting the black ink is omitted. 

Figure 7 shows an example having a recording head for the black 
color in addition to the structure shown in Figure 3. The black ink is generally not 
used for printing the secondary color, and therefore, there is no need for a 
symmetrical arrangement. In order to permit a higher speed printing operation in a 
monochromatic recording mode, the number of the nozzles for the black color is 
larger than that of the other chromatic heads. 

Figure 8 shows an example which is similar to Figure 6, but black 
(K) recording heads are added at symmetrical end positions. 

Figure 9 shows an example which is similar to the Figure 7 example, 
but a black recording head is located at the center of symmetry. 
(Embodiment 2) 

The combinations of dots are not limited to those described in the 
foregoing, but various combinations are usable. In Figure 3, when the secondary 
color is to be printed, the dot-on-dot structure necessarily results, but this is not 
limiting, and the dot arrangement with which the dots do not tend to overlap with 
each other when the binarization process is effected is possible. 

Figure 10 shows an embodiment in which the dots are allotted in such 
a manner. The dot arrangement of Figure 10 is similar to that of Figure 3, but an 
arrangement in which the dots are separated or deviated (pixels 140-147) is added to 
the previous dot arrangement (pixels 130-139). 

For example, at level 6, pixels 140, 141 at which the relatively 
smaller dots are split (not dot-on-dot) are added. By the distribution circuit, the data 
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are stored in the buffer such that incidence probabilities of the pixels 131, 132, 140, 
141, at which the level is at 6, are substantially equal along the raster scan direction. 

At level 5, a pixel 142, at which relatively large dots are split (not 
dot-on-dot), is added. In Embodiment 1, only one type of pixel structure for 
expressing level 5 was provided. In this embodiment, however, there are provided 
two kinds of pixel structures (pixels 133 and 142). The distribution circuit causes 
the buffer to store the data such that incidence probabilities of such pixels are 
substantially equal. 

In this embodiment, the two dots are located diagonally in each of the 
pixel areas, that is, they are arranged separately. In Figure 10, however, the 
relatively larger dots are partly overlapped with each other, not completely 
overlapped though. But, the relatively smaller dot hardly contact each other. 

Figure 1 1 shows a specific example of a dot arrangement for the data 
of blue at level 2 and cyan at level 4, that is, cyan and magenta are at level 2 and at 
level 4, among the combination shown in Figure 10. 

In this figure, the distribution circuit distributes the data such that 
incidence probabilities of the same level pixels are substantially equal in the raster 
scan direction and in the column direction (the direction in which the nozzles are 
arranged) as well. For example, the pixels of level 2 at the top in the Figure are 
arranged in the order of pixels 136, 138, 146, 147, in the direction of the raster scan, 
and the pixels of level 4 are arranged in the order of pixels 134, 135, 143, 144. On 
the other hand, the pixels of level 2 at the leftmost column are arranged in the order 
of pixels 137, 138, 146, 147 in the column direction. The same as with the case of 
the forward path applies to the backward path. 
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As described in the foregoing, the control is effected such that 
occurrence probabilities of the pixels, in which the order of prints for each color are 
different, are substantially equal in the forward and backward raster scan directions 
and in the column direction, by which the coloring is substantially uniform 
macroscopically in the forward and backward directions and the column direction. 

In the pixels 142-147 added as the dot arrangement responding to 
levels 5-2, the dots are separated, namely, the dot-on-dot does not exist, the spatial 
frequency is high so that densities of the dots are not high even when the 
macroscopic densities are the same, and therefore, the granularity of the image can 
be reduced. The effects are remarkable when the percentage of the added separation 
type pixels is increased by the distribution. 

Moreover, the control may be effected such that data for the level 
(tone gradation) 2 and/or 4 do not result in dot-on-dot arrangement. 

It is desirable that at least for the large dots with which the degree of 
overlapping between different colors is large, the incidence probabilities of the 
orders of shots (first and second) are substantially equal. 

In this embodiment, when the relatively smaller dots are disposed 
diagonally in the pixel area, the dots do not contact each other, and therefore, the 
coloring is hardly influenced by the order of shots. Therefore, the pixels 146 and 
147 having the added arrangement is fixed to one of them, so that coloring is 
substantially uniform without the distribution. On the contrary, when the 2 dot pair 
of the relatively larger dots such as the dots at level 6 is added with a relatively 
smaller dot, the influence of the 2 dot pair in which the order of shots is symmetrical 



-27- 

is dominant, and therefore, the shots may be fixed in one of the pixels 131, 132, 140, 
141 without the distribution, by which the coloring is substantially uniform. 
(Embodiment 3) 

In Embodiment 1 described hereinbefore, one pixel is constituted by 
a pair of two dots of the same size, and the order of shots of a pair of different size 
dots of the same color ink is symmetrical, at least for one color. In such examples, 
one pixel is constituted by a pair of two dots, and therefore, the examples are 
preferable when the maximum density of print is desirable such as when the images 
are formed on an OHP sheet. When the maximum density is not required, the 
maximum density may be provided by the relatively larger dot. 

In Embodiment 2, for high density portions, the order of shots of the 
same coloring is symmetrical at least for one color as in the foregoing Embodiments, 
and in the half-tone portions, use is made of a symmetrical recording head for 
bidirectional printing, and the combinations of the used recording heads are switched 
between when the recording heads scan in the forward direction and when they scan 
in the backward direction. By doing so, the half-tone can be expressed in addition to 
the high density portion, in the bi-directional print. 

It is known that when a so-called lateral recording head unit, in which 
the recording heads for the respective colors are arranged in the main scan direction, 
is used for the bi-directional printing, the order of printing shots is different between 
when the recording heads scan in the forward direction and when they scan in the 
backward direction, and therefore, the coloring is different between them. As 
described in the foregoing, Japanese Patent Application Publication Hei 3-77066 
proposes that combinations of the recording heads for the forward path and the 
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recording heads for the backward path be arranged in the main scan direction so as 
to accomplish completely the same order of shots by properly switching the 
combinations. In this embodiment, the prior art is considered, and the advantageous 
effects thereof are used. 

In this embodiment, use is made of switching the combinations of 
control between the high density portion and the low density portion in the manner 
described above. As compared with using completely different combinations, the 
maximum printing frequency of the recording elements can be reduced to one half 
In other words, the recordable speed can be doubled. 

When the image data are stored at the full address in the memory, and 
fully solid printing is carried out, the recording is effected by the forward 
combination in the forward path and by the backward combination in the backward 
path in the conventional art, and therefore, it is required to provide a printing 
frequency meeting the allotment of dots to the fiill address with the recording 
element. With the conventional system, the maximum density can be allotted to the 
full address, and therefore, the maximum density is lowered, or otherwise, the 
printing speed has to be lowered. 

According to the system of this embodiment, the printing is effected 
by the forward and backward combinations of a plurality of the dot diameters only 
for the low density portion, and for the high density portion, the recording is effected 
using both of them, and therefore, Vi recording frequency is enough for the full 
address. In the low density portion, the bi-directional non-uniformity may result due 
to variation of the recording elements or the like, the image non-uniformity adjacent 
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to maximum density is significantly improved, and the printing speed is significantly 

enhanced. 

(Embodiment 4) 

In further developing the concept of the present invention, the color 
non-uniformity due to the bi-directional recording can be reduced, even when the 
symmetrical recording head for the bi-directional print is not used. More 
particularly, in place of the 1 path bi-directional print, a so-called multi-path print in 
which printing of 1 pixel area is completed by a plurality of scans is used to 
accomplish similar effects as the foregoing embodiments. 

The description will be made as to an example in which a recording 
head having laterally arranged C, M, Y recording elements is used, and blue dots are 
printed through bi-directional multi-path printing. Figure 12 shows a conventional 
example, and Figure 13 shows Embodiment 3 of the present invention. In the 
conventional example, the bidirectional printing is simply carried out using large and 
small nozzles. In this embodiment, the recording head scans the recording material 
in the forward direction, and thereafter, the recording head is moved relative to the 
recording material in the sub-scan direction at one half of one recording element 
pitch (here 2) ±1 recording element pitch and three recording element pitch, and 
then, the recording head scans the recording material, thus effecting the multi-path 
print. 

In the conventional example of Figure 12, the order of shots of the 
print data are influenced by the scanning direction with the result of color 
non-uniformity. 
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In this embodiment shown in Figure 13, a pixel is constituted by a 
pair of the dots for print in the forward path (122 and 121) and the dots for print in 
the backward path (120 and 123), by which the order of shots is sjmimetrical for 
each dot size constituting the pixel, or by which the dots are distributed such that 
asymmetrical dot arrangements appear substantially equally in the scanning direction 
when the arrangements are not symmetric, such that uniform coloring is 
accompUshed in the bi-directional printing. 

At levels 6 and 3, the relatively smaller dots provided by cyan first 
and those provided by magenta first are uniformly distributed in the direction of the 
raster scan. At level 4, the relatively smaller dots provided by cyan first and those 
provided by magenta first are uniformly distributed in the direction of the raster 
scan. 

As described in the foregoing, control is effected such that occurrence 
probabilities of the pixels, in which the order of prints for each color is different, are 
substantially equal in the forward and backward raster scan directions, by which the 
coloring is substantially uniform macroscopically in the forward and backward 
directions. Therefore, the occurrences of color non-uniformity attributable to the 
order of application of the ink in the bi-directional printing can be reduced. 

As also described in the foregoing, control is effected such that 
occurrence probabilities of the pixels, in which the order of prints for each color is 
different, are substantially equal in the forward and backward raster scan directions 
and in the column direction, by which the coloring is substantially uniform 
macroscopically in the forward and backward directions and the column direction. 
However, the present invention is not limited to this. The occurrence probabilities 
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may be controlled in the predetermined direction in which the color non-uniformity 
is visually remarkable. 

As described in the foregoing, according to the present invention, the 
occurrence of the color non-uniformity attributable to the order of shots of ink can 
be reduced even if the bi-directional printing is effected by application of different 
amounts of ink. 

While the invention has been described with reference to the 
structures disclosed herein, it is not confined to the details set forth and this 
application is intended to cover such modifications or changes as may come within 
the purpose of the improvements or the scope of the following claims. 
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ABSTRACT OF THE DISCLOSURE 

A printing apparatus for forming a color image by applying different 
color inks to a printing material while bi-directionally moving the recording head to 
scan the recording material, the apparatus includes changing means for changing an 
order of applications of the inks of different colors to be applied at least at one 
amount for printing a secondary color to a secondary color pixel area; and forming 
means for forming the secondary color while making the order of applications of the 
inks to at least one of a plurality of the secondary color pixel areas arranged along a 
predetermined direction different from the order of another, by the changing means. 

MAW\tnt 
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BIDIRECTIONAL PRINTING METHOD AND 
APPARATUS WITH REDUCED COLOR UNEVENNESS 



FIELD OF THE INVENTION AND RELATED ART: 

The present invention relates to a bi-directional printing apparatus 
and a bi-directional printing method for effecting color print printing by scanning 
bi-directionally a printing material with a recording head for applying a plurality of 
(different) color inks at different ink amounts to the printing material, and more 
particularly to a bi-directional printing apparatus, a bi-directional printing method 
and a print wherein color non-uniformity attributable to the bi-directional color print 
operation is prevented . 

In the field of a printing apparatus, particularly an ink jet ink- jet type 
printing apparatus, increase of a recording speed for a color print is desired. To meet 
this desire, increase of the length of the recording head, increase of the frequency of 
actuation of the recording head, and bi-directional printing are generally considered. 
The bi-direc t ional Bi-directional printing is advantageous in that required energy is 
less concentrated than a in unidirectional printing and is scattered in terms of time 
under the same throughput, and therefore, it is advantageous in as to the cost as-a of 
the total system. 

However, the bi-directional printing type is disadvantageous in that it 
involves an essential problem in that the order of deposition^ or application or shot 
of the inks of different colors arc is different between the forward direction of the 
main-scanning and the backward direction thereof, depending on the structure of the 
recording head, and therefore, color non-uniformity in the form of bands results. 



The problem arises from the order of the ink applications, and therefore, a difference 

in the coloring more or less appears when different color dots are overlaid with each 

other even slightly. 

When an image is formed by ejecting coloring materials such as 

pigment or dye ink onto a printing material, the ink first applied first dyes the 
printing material from the surface layer to the inside of the printing material. When 
a subsequent dot ink is applied in the manner that it at least partly overlaps with the 
prior ink dot, the subsequent ink dyes more at a portion below the already dyed 
portion, and therefore, there is a tendency that the resultant color has a 
first-color-rich nature. On the other hand, in the case that ejection nozzles for 
different colors are arranged in the main scan direction, the order of ink shots in the 
forward scanning operation is opposite from the order of the ink shots in the 
backward scanning operation. Therefore, the band color non-uniformity occurs due 
to the difference in the coloring. 

The phenomenon occurs similarly in the case of wax type coloring 
material when a process color is formed due to the time difference, although the 
printing principles are different. 

In the ink jet printer supporting the print, the problem is avoided 
using the following methods, methods: 

1) accept the color non-uniformi t y. Ox, non-uniformitv: on only 
black (Bk) is printed bi-directionally, bi-directionallv: 

2) the nozzles for different colors are arranged in the sub-scan 
direction (so-called vertical aiTaiiguiAuil). arrangement^ 



3) tbc use is made with of nozzles for forward path and nozzles for 
backward path, and the different nozzles or heads are used in the forward path and 
the backward path so that order of shots are the same, samec or 

4) the printing is effected such that rasters to be printed during the 
forward path and the backward path are interlaced, by which the frequency of the 
color non-uniformity due to the difference in the order of the shots is increased to 
provide visual uniformity (Japanese Patent Application Publication Hei 2-41421, 
Japanese Laid-open Patent Application Hei 7-1 12534). 

When t he method is such methods are used, dots of different 
diameters can be placed in the image, so that an image of less granularity is 
perfected by relatively smaller droplets, and a wide area is printed with relatively 
larger droplets with a smaller number of droplets, thus accomplishing a high speed 
and high quality printing. 

For this, 2 two kinds of methods have been widely proposed. More 
particularly, in a printing apparatus provided with a recording head capable of 
ejecting at least two sizes of liquid, that is, relatively larger droplets and relatively 
smaller droplets. A) the printing is carried out with single size droplets selected in 
accordance with a resolution or the like, B) different (at least two) droplet sizes of 
dots are mixed in accordance with the tone gradation data. 

However, the conventional technique 1) does not provide a 
fundamental solution, and the throughput is significantly lower when a color image 
is printed. In conventi onal technique 2)^ the shot orders are the same in the forward 
path and the backward path, but the length of the recording head is large, and 



another difference in the coloring occurs due to the time difference in the shots of 
different colors. 

Conventional technique 3) this is equivalent to us e indep e nd e nt two 
using two independent sets of recording heads even if the recording heads for the 
forward path and the backward path are built in the same substrate, and therefore, a 
color non-uniformity arises due to a large color difference in the form of bands 
attributable to the difference of the properties of different heads. For example, due 
to the difference in the data ratio of the forward path data to the backward path data, 
the temperature of the recording head may be different, and there arises a difference 
in this the ejection amounts between the recording heads, which would result in the 
color non-uniformity in the form of bands. 

Conventional technique 4) this provid e provides regularly high 
frequency color non-uniformity to visually hide the color non-uniformity, but the 
color difference may be stressed by interference, depending on the print data. For 
example, when the color difference is produced for each raster line, a large color 
difference results even if the same color is instructed, when there are a portion where 
the incidence is high on the even number rasters and a portion where the incidence is 
high on the odd number rasters in the forward path and the backward path due to a 
half-tone process such as shading or the like. 

In either of method A) or B) for effecting color print printing using 
different droplet sizes, when the recording head heads for the respective colors are 
arranged in the main scan direction, and 1 path bi-directional printing is effected, the 
non-uniformity due to the bi-directional printing is conspicuous similarly to 
conventional techniques 3) and 4). 



SUMMARY OF THE INVENTION: 

Accordingly, it is a principal object of the present invention to 
provide a printing apparatus, a printing method and a print wherein the color non- 
uniformity attributable to the scanning directions can be reduced even if a 
bi-directional color print is carried out with differet amounts of ink deposited. 

It is another object of the present invention to provide a printing 
apparatus, a printing method and a print wherein the occurrence of the color 
non-uniformity attributable to the scanning direction is prevented irrespective of the 
print data with different amounts of ink deposited. 

According to an aspect of the present invention, there is provided a 
printing apparatus for forming a color image by applying different color inks to a 
printing material while bi-directionally moving the recording head to scan the 
r ecording printing material, said apparatus comprising changing means for changing 
an order of applications of the inks of different colors to be applied at least at one 
amount for printing a secondary color to a secondary color pixel area; and forming 
means for forming the secondary color while making the order of applications of the 
inks to at least one of a plurality of the secondary color pixel areas arranged along a 
predetermined direction different from the order of another, by said changing means. 

According to another aspect of the present invention, there is 
provided a printing apparatus for forming a color image by application of different 
color inks to a printing material while bi-directionally moving the recording head to 
scan the recording printing material, said apparatus comprising changing means for 
changing an order of applications of inks of different colors to be applied at least at 
one amount to form a process color in a process color pixel area; and forming means 
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for forming the process color by making an order of applications of the inks to at 
least one of the secondary process color pixel areas arranged in a raster one direction 
different from the order of another, by said changing means. 

According to a further aspect of the present invention, there is 
provided a printing apparatus for forming a color image by effecting scanning bi- 
directional movement of a recording head having recording elements corresponding 
to different color inks arranged symmetrically in a scanning direction and applying 
the color inks at different amounts, said apparatus comprising a plurality of print 
buffers corresponding to the recording elements arranged symmetrically; 
anddiMiibulhig and distributing means for distributing print data for a color to be 
printed to at least one of the print buffers on the basis of an image signal 
corresponding to the color image. 

According to a further aspect of the present invention, there is 
provided a printing method for forming a color image by application of different 
color inks onto a printing material at different amounts while bi-directionally 
moving the recording head to scan the printing material, said method comprising: a 
first step of application of ink of a certain color ink at least at one amount to form a 
secondary color to a secondary color pixel area; and a second step of application of 
different color inks to form the secondary color in the secondary color pixel area in 
an order of applications which is different from the order in the first step. 

According to a further aspect of the present invention, there is 
provided a print having a color image provided by different color inks, comprising: a 
printing material; a plurality of secondary color pixel areas arranged in a 
predetermined direction on the printing material; wherein the plurality of pixel areas 



are printed by different color inks at least at one amount, and wherein an order of 
applications of the inks to at least one of the pixel areas is different from the order of 
another. 

With such a structure, the pixel areas of a process color including a 
secondary color, arranged in a predetermined direction such as the raster scan 
direction, are dominantly provided by application of the inks in different application 
orders, and therefore, the orders of applications are substantially the same 
irrespective of the scanning directions so that generation of the color non-uniformity 
attributable to the order of applications of the inks can be reduced. 

In this specification, "prin t " the term "printing'' or "recording" 
includes formation, on a recording material, of significant or non-significant 
information such as an image, a pattern, a character, a figure and the like, and 
processing of a material on the basis of such information, ina visualized or 
non-visualized manner. 

Here, the "recording or printing material" includes paper used in a 
normal printer, a textile, plasfic resin material, film material, a metal plate and the 
like which can receive ink. 

Here, "ink or liquid" includes liquid usable with the "prin t " 
"printing" or "recording" defined above, and liquid usable to fomidli u a uf form an 
image, patter pattern or the like on the printing material or to pr ocessing uf process 
the printing material. 

The term "pixel area" means a minimum area where a primary color 
or secondary color is provided by application of one of more inks, and is not limited 



to a pixel but includes a super pixel or a sub-pixel. The number of scannings to 
complete the pixel area is not limited to one but may be plural. 

The term "process color" includes secondary colors, and means a 
color provided by mixing three or more colors on the printing material. 

These and other objects, features and advantages of the present 
invention will become more apparent upon a consideration of the following 
description of the preferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

These and othe r objec t s, fea t ures and advantages of the pi c scu l 
inven t ion will become more apparent upon a coxisiJc r a t ion of the following 
description of th e preferred embodiments of the picscn t invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Figure 1 shows a substantial structure of an ink jet printing apparatus 
according to an embodiment of the present invention. 

Figure 2 is a block diagram of a control circuit for a printing 

apparatus. 

Figure 3 shows an example of a recording head, an allotment of 
ejection nozzles and pixels according to an embodiment of the present invention. 

Figure 4 is a block diagram illustrating a buffer structure for the print 
data according to the present invention. 

Figure 5 illustrates another example of s t ructui -c s the structure of the 
recording head and the ejection nozzle nozzles . 



Figure 6 illustrates another example of s tr uctm -c s the structure of the 
recording head and the ejection nozzl e nozzles . 

Figure 7 illustrates another example of s tr uctur e s the structure of the 
recording head and the ejection nozzle nozzles . 

Figure 8 illustrates another example of s tr uc t ur e s the structure of the 
recording head and the ejection nozzle nozzles . 

Figure 9 illustrates another example of s tr uc t ures the structure of the 
recording head and the ejection nozzl e nozzles . 

Figure 10 illustrates a structure of a pixel according to a second 
embodiment of the present invention. 

Figure 1 1 shows an example of image formation according to the 
second embodiment of the present invention. 

Figure 12 illustrates production of color non-uniformity in 
bi-directional printing in prior art. 

Figure 13 illustrates a structure of a pixel in a multi-path printing 
according to Embodiment 4. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS: 

"■^ this In the first embodiment, there is provided control means for effecting 

control such that when the use is made with a recording head having the recording 
nozzles for applying respective colors of inks at different amounts which are 
arranged symmetrically as seen at least in the main scan direction, for pixels which 
contains contain at least different color dots to be applied at least at one amount, the 
occurrence probabilities of different orders of printing of at least the different colors 
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in the forward path print and the backward path print are dominantly equal in effect. 
In this case, the recording head may have nozzles having a relatively larger ejection 
amount and the nozzles having a relatively smaller ejection amount in combination, 
or the head may have a variably controllable ejection amount for each nozzle. By 
doing so, the color non-uniformity attributable to the bi-directional print, which have 
been may be caused by synchronism with the configuration data per se of a lateral 
ruler line or the like or by synchronism with half-toning in the dither or the like , can 
be prevented . 

The above-described structure is effective in a half-tone area, 
particularly a low density portion of a color image, and for the high density portion, 
it is effective that for one pixel, a plurality of dots of the same color ink is allotted 
with respect to at least one color of the used inks and that use is made with means 
for making it dominant that the order of the shots of the inks constituting the second 
or higher color for a secondary or higher color is symmetrical. 

The description will be made as to the embodiments of the present 
invention. In the Figures, the same reference numerals are assigned to the elements 
having the corresponding functions. 

Figure 1 shows a structure of a major part of an ink jet printing 
apparatus according to an embodiment of the present invention. 

As shown in Figure 1 , a cartridge 1 is exchangeably mounted on a 
carriage 2. The head cartridge 1 comprises a print head portion, an ink container 
portion and a connector portion for receiving and supplying signals for driving the 
head portion (unshown). 



The head cartridge 1 is carried on the carriage 2 at a correct position 
and is exchangeable, and the carriage 2 is provided with a connector portion and a 
holder (electrical connecting portion) for transmission of the driving signals or the 
like to the head cai l ridges cartridge 1 through the connector. 

The carriage 2 is reciprocably supported and guided by a shaft 3 and a 
guide of the main assembly of the apparatus, which is extended in a main scan 
direction. The carriage 2 is driven through a driving mechanism such as a motor, a 
pulley 5, a driven pulley 6, a timing belt 7 or the like by a main-scanning motor 4, 
and the position and the movement are controlled. A home position sensor 30 is 
carried on a the carriage. By this, the position of the carriage 2 can be detected when 
the home position sensor 30 of the carriage 2 passes by the shielding plate 36. 

The print mediums 8 in the form of a print sheet sheets , thin plastic 
resin sheet sheets or the like are fed out one by one from the automatic sheet feeder 
("ASF") by rotating the pick-up roller 3 1 through a gear by a sheet feeding motor 35. 
By rotation of the feeding roller 9, the sheet is fed through (scanned by) a position 
(print portion) where the sheet is opposed to the ejection outlets of the head cartridge 
1. The feeding roller 9 is rotated through the gear by rotation of the LF motor 34. 
At this time, the discrimination of the sheet feeding and the determination of the 
leading edge of the sheet is effected by the timing at which the print medium 8 
passes by the paper end sensor 33. The paper end sensor 33 is also effective to 
detect the actual position of the trailing edge of the print medium 8 and to make the 
final determination of the current recording position. 

The print medium 8 is supported by a platen (unshown) at its back 
side so as to provide a flat print surface at the print portion. The heads and 
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cartridges 1 on the carriage 2 are supported such that ejection side surfaces thereof 
are faced downward in parallelism with the print medium 8 between the feeding 
rollers constituting a pair. 

The head cartridge 1 is an Inkjet head cartridge which ejects the ink 
using the thermal energy, and is provided with electrothermal transducers for 
generating the thermal energy. In this example, the print head of the head cartridge 1 
ejects the ink through the ejection outlet using the pressure of the bubble generated 
by film boiling caused by the thermal energy applied by the electrothermal 
transducer. Another type using a piezoelectric element to eject the ink, or the like is 
usable. 

Figure 2 is a block diagram of a control circuit in the Inkjet printing 

apparatus. 

In these Figure 2, a controller 200 is a main controller, and comprises 
a CPU201 CPU 201 (a micro computer or the like), ROM203 ROM 203 storing a 
program, a table, fixed data or the like, and RAM20J RAM 205 having an area for 
conversion of image data and a wording working area. The host apparatus 2 1 0 may 
be a supply source of image data (a computer for carrying out production and 
processing of data such as an image to be printed, or a reader portion for reading the 
image to be printed, or the like). The image data, command, a status signal or the 
like are transmitted to and fi-om the controller 200 through the interface (I/F) 212. 

The operating portion 120 includes a group of switches for actuation 
by the operator, and includes a main switch 222, and a recovery switch 226 for 
instructing the start of the a suction refi-eshing operation. 
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A group of sensors includes sensors for detecting states of the 
apparatus, more particularly, the above-described home position sensor 30, a paper 
end sensor 33 for detecting presence or absence of the print medium and a 
temperature sensors 234 or the like disposed at proper positions for detecting the 
ambient t empcratuics temperature . 

The head driver 240 is a driver for actuating the ejection heater 25 of 
the head cartridge 1 in accordance with the print data. The head driver 240 includes 
a shift register for aligning the print data corresponding to the positions of the 
ejection heater 25, a latching circuit for effecting latching at proper timing, a logic 
circuit element for actuating the ejection heaters in synchronism with the drive 
timing signal, and a timing setting portion for appropriately setting the drive timing 
(ejection timing) for dot formation and position alignment, or the like. 

The heat cartridge 1 is provided with a sub-heater 242. The 
sub-heater 242 functions for temperature adjustment for stabilizing the ink ejection 
property, and may be formed on the print head substrate simultaneously with the 
formation of the ejection heater 25 or may be mounted on the head cartridge or on 
the main body of the print head. 

The motor driver 250 fiinctions to actuate the main-scanning motor 4, 
and a the sub-scan or LF motor 34 functions to feed the print medium 8 (sub-scan), 
and the motor driver 270 is a driver therefor. 

The sheet feeding motor 34 35 is a motor for separating and feeding 
the print medium 8 from the ASF, and the motor driver 260 is a driver therefor. 
(Embodiment 1) 
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Figure 3 is a partial schematic view of a major part of a recording 
head portion of a head cartridge 1. In this Figure, designated by 100 is a first 
recording head for ejecting cyan ink (CI). Designated by 101 is a first recording 
head fMi) for firs t recording heading ejecting magenta ink (Ml). Designated by 102 
is a first recording head for ejecting yellow ink (Yl). Designated by 103 is a second 
recording head (¥2) for ejecting yellow ink (Y2) . Designated by 104 is a second 
recording head (M2) for ejecting magenta ink (M2) . Designated by 105 is a second 
recording head (M2) for ejecting cyan ink £C2}. Additionally, a recording head for 
ejecting Bk ink may be used, tuu used . 

The head cartridge 1 is constituted by such recording heads. 
In head cartridge 1, each of the recording heads includes a plurality of 
ejection nozzles. For example, the recording head lOOCl includes cyan ejection 
nozzles 1 10 for ejecting a relatively larger size of droplet of cyan ink. The recording 
head lOlMl includes magenta ejection nozzles 1 12 for ejecting a relatively larger 
size of magenta droplet. The recording head 104M2 includes magenta ejection 
nozzles 1 13 for ejecting a relatively smaller size of magenta droplet. The recording 
head 105C2 includes cyan ejection nozzles 1 1 1 for ejecting a relatively smaller size 
of cyan droplet. 

The nozzles of each of the recording heads is are arranged in a 
direction perpendicular to the main scan direction. Strictly, they may be slightly 
inclined relative to the main scan direction in consideration of the ejection timing. 
The recording heads are arranged in the same direction as the main scan direction. 
More particularly, in the case example of Figure 2 axauiple 3, each of the recording 
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heads lOOCl, lOlMl, 102 Yl, 103Y2, 104M2 and 105C2 is arranged in the same 
direction as the main scan direction. 

The two recording heads for the respective colors are disposed such 
that nozzles forcj c Lthig for ejecting relatively larger droplets and the nozzles 
forcjccting for ejecting relatively smaller droplets arc alternate in the opposite 
directions, directions: that is, the nozzles forcjcc t ing for ejecting the same amount of 
inks are disposed s t aggercdly staggered . 

Here, the intervals of the nozzles are arranged at the density of 
720dpi 720 dpi, and therefore, the nozzles forcjccting for ejecting the relatively 
larger droplets are disposed at the density of 360dpi 360 dpi , and the relatively 
smaller droplet ejecting nozzles are disposed at the density of 360dpi 360 dpi . 

In Figure 3, the dot positions 122, 123 of the pixel 130 is are allotted 
with dots provided by relatively larger cyan and magenta droplets, and the positions 
120, 121 are allotted with dots provided by relatively smaller droplets. The dot 
position 122 is the position to which the dot ejected through the ejection nozzle 110 
of the recording head lOOCl and the dot ejected through the ejection nozzle 1 12 of 
the recording head 101 Ml are allotted, for the area of the pixel 130. 

The dot positions 122 in this Figure are the positions allotted for the 
dot provided by the ejection nozzle 117 of the recording head 104M2 and the dot 
provided by the ejection nozzle 1 15 of the recording head 105C2, both for the area 
of the pixel (picture element) 130. In this example the dot position 122 is located on 
the upper right position of the diagonal line, and the dot position 123 is located on 
the upper left position. 
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The dot position respective in the same Figure is the position to 
which the dot ejected through the ejection nozzle 1 13 of the recording head 104M2 
and the dot ejected through the ejection nozzle 1 1 1 of the recording head 105C2 are 
allotted for the region of the pixel 130. The dot position 121 in the same Figorc; 
Figure indicates the position to which the dot ejected through the ejection nozzle 1 14 
of the recording head lOOCl and the dot ejected through t the ejection nozzle 1 16 of 
the recording head lOlMl are allotted for the region of the pixel 130. Here, dot 
position 120 is the upper right diagonal position, and the dot position 121 is the 
lower left diagonal position. Designated by R1-R4 are main-scanning tine Hnes for 
the pixels, namely, raster lines. Here, 1 pixel is provided by 2 raster scans. 

Therefore, the pixels are arranged at the resolution of 360dpi 360 dpi 
x 3^edpt 360 dpi . In the same Figure, the inks of the different colors are printed 
dot-on-dot in each pixel. The blue color (secondary color) is provided by cyan and 
magenta. The dot position 122 receives the ink from the magenta ejection nozzle 
1 12 of the recording head lOlMl in the forward path, and then receives the ink from 
the cyan ejection nozzle 1 10 of the recording head lOOCl. From the 
above-described principle, the color of the first ink (magenta in this case) normally 
tends to be dominant, that is, the color is relatively closer to the burgundy color, at 
the dot position 121. 

The same relation applies to portions 120, 121 to which the relatively 
smaller dots are allotted. 

The print in the backward path will be considered. The ink from the 
cyan ejection nozzle 1 10 of the recording head lOOCl and the ink from the magenta 
ejection nozzle 1 12 of the recording head lOlMl are printed in this order. The color 
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of the first ink (magenta in this case) normally tends to be dominant, that is, the 
color is relatively closer to the violaceous color, at the dot position 123. Similarly, 
in the backward path, the dot position 120 receives the ink from the magenta 
ejection nozzle 1 13 of the recording head 104M2, and then receives the ink from the 
cyan ejection nozzle 1 1 1 of the cyan of the recording head 105C2. The color of the 
first ink (magenta in this case) normally tends to be dominant, that is, the color is 
relatively closer to the burgundy color, at the dot position 123. The shiiildi icldLi u ii 
applies to t he position whcic the rela t ively small size di - oplct n o zzles 120 and 121 
a r e allo tt ed. 

The same relation applies to portions 120, 121 to which the relatively 
smaller dots are allotted. 

In Figure 3, white circles indicate dots where the magenta ink is 
printed and then the cyan is printed thereafter, and hatched circles indicate dots 
where the inks are deposited in the opposite order. The dots are disposed at four 
comers, but this is not limiting, and the dots may be disposed at any position if they 
are in the pixel area. Further alternatively, all them of the dots may be printed 
dot-on-dot. Even in the deviated arrangement, the dots in the pixel area are 
generally overlapped partly with each other. 

In this manner, the blue relatively closer to burgundy (burgundy blue) 
and the blue relatively closer to violaceous (violaceous blue) arc always appear as a 
pair. Microscopically, the differently colored dots appear diagonally. When this is 
seen on the pixel 130 macroscopically, the orders of shots (applications) of the ink 
are such that the larger size dots and relatively smaller size dots are symmetrical in 
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the pixel structures. Therefore, in the single pixel, the intermediary blue color can 
be uniformly provided. 

In this invention, it is dominant that colors constituting a secondary 
color for a pixel are symmetrically printed for the pixel. In this example, the blue 
color (cyan and magenta) is taken as the secondary color, but it will be readily 
understood that the present invention is applicable to the red color (magenta and 
yellow) and to the green color (cyan and yellow). 

In this embodiment, 7-level data (3 bits) (level 1 means minimum 
density (non-ejection); and level 7 means the maximum ) for each one component 
color corresponding to each color are normally used. The number of bits is not 
limited to 3 bit, but may be 4 bit or the like. Furthermore, even when the 3 bit data 
are used, only predetermined levels may be used. Particularly, the bit number is 
determined in view of the relation between the recording resolution and the dot 
diameter from the standpoint of the design philosophy of the degrees of the tone 
gradation for each pixel and the maximum density, and the present invention is 
usable with any of them. 

The pixels indicated by reference numerals 130 - 139 in Figure 3 
show states of dots allotted in accordance with tone gradation data ranging between 
level 1 to level 7. 

The pixel pixels 133 in Figure 3 cor re sponding correspond to a datum 
of level 5, which and are printed by only relatively larger dots of the same head 
structure. The pix e l pixels 1 36 in Figure 3 corresponds correspond to a datum of 
level 3, which and are printed by only relatively smaller dots of from the same head 
structure. Each of these pixels constitutes a 2 dot pair for each size, and therefore, 
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the result is that pixel structure is such that the relatively larger dot dots and the 
relatively smaller dot dots are disposed symmetrically irrespective of whether they 
are printed in the forward path or in the backward path. Therefore, looking at each 
pixel, the blue coloring is uniform. 

The pixel 139 corresponds to level 1 data, that is, no print. In this 
case, no ink is applied, so that there is no need of considering difference in the 
coloring attributable to the difference in the scanning moving direction. 

Wli c n Regarding a half-tone image other than those described above 
within the pixel, the 2 dot pair r e sult results in the maximum density in the same 
size, and therefore, the dots are unable to be allotted in the 2 dot pair type. Namely, 
any pairing of dots with symmetrical shooting order cannot be used. 

In this embodiment, for such dots of each pixel, the control is 
effected such that occurrence probabilities, in the forward path and the backward 
path, of at least the pixels in which the order of prints for each color are different, 
are substantially the same, by which the coloring provided by the forward path 
printing and the coloring provided by the backward path printing are 
macroscopically the same. 

Pixel Pixels 131 and p ixel pixels 132 show the dot arrangement 
corresponding to level 6 data. In pixel pixels 131 and pixel pixels 132, the relatively 
larger dots are symmetrical in the printing order in the forward path and in the 
backward path, but at positions 120, 121, the dot disposition is such that relatively 
smaller dots where the order of printing is opposite are only at one side. In the pixel 
pixels 131, the number of there are more blue dots which are relatively closer to the 
violaceous color (the coloring of cyan which has been shot first is dominant). Since 
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the additional dots are relatively smaller dots, the their influence is less significant 
than the relatively larger dots, but the hue is a little different. In the pixel 131 pixels 
132, t he nunibci of there are more blue dots which are relatively closer to the 
burgundy color (the coloring of magenta is dominant). Since the dots are relatively 
smaller dots, the influence is less significant than the relatively larger dots, but the 
hue is a little different. 

Pixel pixel Pixels 137 and pixel uixcl pixels 138 show the dot 
arrangement corresponding to level 2 data. At the positions pixels 137, 138, the use 
is made only with of relatively small dots which are shot in opposite order only at 
one side. Therefore, the pixel at 137 is blue which is relatively closer to violaceous 
color (closer the to cyan which has been shot first). 

The pixel at 138 is, on the contrary, blue which is relatively closer to 
burgundy color (closer the to cyan which has been shot first). The same applies to 
the pixels 134, 135 which correspond to the data of level 4. 

In this embodiment, a plurality of dot arrangements corresponding to 
the same level data (pixel pixels 131 and 132 for the data of level 6, for example) are 
switched over both in the forward path and backward path of the print scanning, that 
is, the asymmetrical shooting order is switched in the recording scan. For the 
switching. Use use is made with of a recording head in which the shooting orders of 
the nozzles for each color are symmetrical with respect to the main scan direction, 
which is one of the feature features of this embodiment. In other words, the order of 
shooting can be changed in the one main recording scan by selecting which 
recording nozzle of the two same color symmetrical nozzles , which are arranged in 
the main scan direction, is allotted to the dot. 
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In this embodiment, when the dots are assigned for the data of each 
color, the dot-on-dot structure is provided, as shown in Figure 3. However, even if 
the dot is allotted to the position deviated in the main scan direction, another 
deviated position is satisfactory if it is within the pixel area. 

Figure ? 4 shows a data buffer structure of the printing apparatus 
according to this embodiment. 

In this figure, a printer driver 21 1 is actuated by a program for 
generating image data in a host apparatus 210 and for supplying the generated data 
to the printing apparatus. The controller 200 converts the image data supply 
supplied from the he printer driver 21 1 if necessary and distributes them as 4 bit data 
for each color (CMY) per pixel. The distribution circuit 207 write writes the data 
for each of CMY colors in the print buffer 205 such that the dots are allotted to meet 
the dot allotments and levels shown in Figure 3. 

For example, 3 bit data at 360dpi 360 dpi are written for the cyan 
color (levels 1-7 in Figure 3). In the this type of the embodiment, 2 bit data is 
written in the buffers 205C1, 205C2 for the recording heads lOOCl and 105C2, 
respectively (4 bits in total). When the recording heads reach the predetermined 
positions for the recording for the pixels, the data in the buffer are read in the 
registers in the recording heads to effect the printing operations. By such data and 
the buffer structure, the printing can be effected on the sub-pixels fi"om the different 
recording heads, for the 2 dot pairs. Here, the case of CMY is taken discussed , but 
the same applies to the case of CMYK, to the case of light and dark inks or other 
colors. 
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At this time, several c o mbina t i o n combinations of dots is are possible 
depending on the way of writing the respective data. When all of the sizes of dots 
are used as with the pixel 130 shown in Figure 3, that is, when the level is at 7, "1 1" 
is written in the CI buffer 205C1 shown in Figure 4. The value "11" is indicative of 
ejecting the ink from both of the nozzle 1 10 for ejecting relatively larger ink droplets 
and the nozzle 1 14 for ejecting relatively smaller ink droplets. Similarly, "1 1" is 
written in the buffers 205M1, 205M2 of and 205C2. 

When the use is made with of two dots having the relatively larger 
size and one dot having the relatively smaller size dance as with the pixel 131 in 
Figure 3, that is, when the la t eral level is at 6, "10" is written in the CI buffer 205C1 
shown in Figure 4. The value "10" is indicative of ejecting the ink only from the 
nozzle 1 10 for ejecting relatively larger ink droplets, ef On the other hand, "11" is 
written in the C2 buffer 205C2. Similarly, the same is written in the buffer buffers 
205M1,205M2. 

In the case of level 6, as described hereinbefore, the distribution 
circuit 207 controls the writing into the buffer such that incidence probability of the 
pixel 131 and the incidence probability of the pixel 132 are substantially equal. 
When the pixel 132 is used, "11" is written in the CI buffer 205C1 of Figure 4:en ±_ 
On the other hand, "01" is written in the C2 buffer 205C2. The value "01" is 
indicative of ejecting the ink only from the nozzle 1 15 for ejecting relatively larger 
ink droplets. Similarly, the same is written in the buffer buffers 205M1, 205M2. 

In such a manner, the data is written in the buffers by the distributing 
circuit 207 such that in the incidence probabilities of the data "10" and "11" and the 
data "11" and "01" are substantially equal. 
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For the other levels 4, 2, the processing is the same as with la te ral 

level 6. 

The print buffers 205C1, C2, Ml, M2, Yl, Y2 are provided in a 
RAM205 the RAM 205 . 

In such a case, the distribution may be alternating (sequential) 
distribution of the data to the plurality of (two, here) to the buffers or may be random 
distribution. What is desired is that orders of ink applications are not one-sided. 
More desirably, the incidences are fifty-fifty for the above-described reasons. 

It is not necessarily necessarv to use all of the tone gradation levels 
shown in Figure 3. For example, in the high density portion, the density change 
saturate saturates with respect to tb the number of dots allotted, and therefore, a 
binarization process may be carried out so that data containing only level 6 is used . 

When it is desired that spatial frequency is be raised by reducing the 
intervals between the dots in an image so as to reduce the roughness of the image, 
that complete overlap of the dots is be avoided or that non-uniformity in the form of 
stripes be avoided, the distribution circuit 207 may effect the distribution on the 
basis of checking of the appearances of CMY so as to avoid the overlapping of the 
dots. 

WiA Although with respect to Figure 3, the description has been 
made with respect to the dot allotment for the cyan and magenta colors and the blue 
color^ which is a secondary color provided by them, the same applies to the yellow 
and the other secondary color colors (green and red). 

In the foregoing Embodiments, the description has been made with 
the examples in which each pixel arc is printed with a combination of at least the 



-24- 

relatively larger dot and the relatively smaller dot. However, the present invention is 
not limited to these examples. 

More particularly, with a printer capable of expressing tone gradation 
by different sid e s sizes of dots, the image can be formed only by relatively larger 
dots or only by relatively smaller dots, depending on the resolution with which the 
printing is to be effected. The present invention is applicable to such a printer. 

The symmetrical shape recording head usable with the present 
invention is not limited to the structure shown in Figure 3. For example, the 
recording heads shown in Figures 5 to 9 are considered as usable examples, but 
another any other structure is also usable if the advantageous effects of the present 
invention are provided. 

Figure 5 shows an example having a s t mctur c similar to t hat of 
Figui - c 3 but additionally having a black recording h e ad for ejec t ing black (K) ink at 
t h e l eft e nd, wherein only one yellow (Y) h e ad is pr ovide a t the cen t er of symme t ry 
t o simple the stmcturc. Tlt e recording head provided at th e c e nt e r of synini et iy, 
ejec t s t he ink la t er a t all t imes, t hat is, ir re spec t ive of the scamiing direc t ions. In t his 
example, t he yellow is disposed a t t h e cen t er, bu t t his is no t limi t ing. 

Figure 5 shows an example which is similar to the example of Figure 
3, but a black recording head for ejecting black (K) ink is added to the left-hand end, 
and only one yellow (Y) head is located at the center of symmetry, by which the 
structure is simplified. The recording head at the center of the same cntiy svmmetrv 
prints later irrespective of the scanning direction. In this example, the yellow 
recording head is located at the center of the symmetry, but this is not limiting. 
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For the black recording head and the yellow recording head, only the 
nozzles for ejecting relatively larger droplets are provided . The former is in order to 
provide high density for the black, and the latter is because that yellow color is less 
conspicuous. 

Figure 6 shows an example which is similar to the Figure 5 example, 
but the black recording head for ejecting the black ink is omitted. 

Figure 7 shows an example having a recording head for the black 
color in addition to the structure shown in Figure H 3 . The black ink is generally 
not used for printing the secondary color, and therefore, there is no need of for a 
symmetrical arrangement. In order to permit a higher speed printing operation in a 
monochromatic recording mode, the number of the nozzles for the black color is 
larger than that of the other chromatic head heads. 

Figure 8 shows an example which is similar to Figure 6, but a black 
(K) recording head is heads are added at a p o si t ion of center of synuiictiy 
symmetrical end positions . 

Figure 9 shows an example which is similar to the Figure 7 example, 
but a black recording date head is located at the center of the symmetry. 
(Embodiment 2) 

The combinations of dots are not limited to those described in the 
foregoing, but various combinations are usable. In Figure 3, when the secondary 
color is to be printed, the dot-on-dot structure necessarily results, but this is not 
limiting, and the dot arrangement with which the dots do not tend to overlap with 
each other when the binarization process is effected is possible . 
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Figure 10 shows an embodiment in which the dots are allotted in such 
a manner. The dot arrangement of Figure 10 is similar to that of Figure 3, but an 
arrangement in which the dots are separated or deviated (pixels 140-147) is added to 
the previous dot arrangement (pixels 130-139). 

For example, at level 6, pixels 140, 141 at which the relatively 
smaller dots are split (not dot-on-dot) are added. By the distribution circuit, the data 
are stored in the buffer such that incidence probabilities of the pixels 131, 132, 140, 
14U at which the level is at 6, are substantially equal along the raster scan direction. 

At level 5, a pixel 142^ at which relatively large dots are split (not 
dot-on-dot)^ is added. In Embodiment 1, only one type of pixel structure for 
expressing level 5 was provided . In this embodiment, however, there are provided 
two kinds of pixel structures (pixels 133 and 142). The distribution circuit causes 
the buffer to store the data such that incidence probabilities of such pixels are 
substantially equal. 

In this embodiment, the two dots are located diagonally in each of the 
pixel areas, that is, they are arranged separately. In Figure 10, however, the 
relatively larger dots are partly overlapped with each other, not completely 
overlapped though. But, the relatively smaller dot arc hardly contacted l u contact 
each other. 

Figure 1 1 shows a specific example of a dot arrangement for the data 
of blue at level 2 and cyan at level 4, that is, cyan and magenta are at level 2 and at 
level 4, among the combination shown in Figure 10. 

In this figure, the distribution circuit distributes the data such that 
incidence probabilities of the same level pixels are substantially equal in the raster 
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scan direction and in the column direction (the direction in which the nozzles are 
arranged) as well. For example, the pixels of level 2 at the top in the Figure are 
arranged in the order of pixels +37 136 . 138, 146, 147, in the direction of the raster 
scan, and the pixels of level 4 are arranged in the order of pixels 134, 135, 143, 
144.0n 144. On the other hand, the pixels of level 2 at the leftmost column are 
arranged in the order of pixels 137, 138, 146, 147 in the column direction of column . 
The same as with the case of the forward path applies to Ae backward path. 

As described in the foregoing, the control is effected such that 
occurrence probabilities of the pixels^ in which the order of prints for each color are 
different, are substantially equal in the forward and backward raster scan di r ec t ion 
directions and in the column direction of column , by which the coloring is 
substantially uniform macroscopically in the forward and backward directions and 
the column direction^ of column. 

In the pixels 142-147 added as the dot arrangement responding to 
levels 5-2, the dots are separated, namely, the dot-on-dot does not exist, the spatial 
frequency is high so that dcnsitys densities of the dots are not high even when the 
macroscopic dcnsitys densities are the same, and therefore, the granularity of the 
image can be reduced. The effects are remarkable when the percentage of the added 
separation type pixels is increased by the distribution. 

Moreover, the control may be effected such that data for the level 
(tone gradation) 2 and/or 4 do not result in dot-on-dot arrangement. 

It is desirable that at least for the large dots with which the degree of 
overlapping between different colors is large, the incidence probabilities of the 
orders of shots (first and second) are substantially equal. 
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In this embodiment, when the relatively smaller dots are disposed 
diagonally in the pixel area, the dots arc do not contac te d t o contact each other, and 
therefore, the coloring is hardly influenced by the order of shots. Therefore, the 
pixels 146 and 147 having the added that arrangement is fixed to one of them, so 
that coloring is substantially uniform without the distribution. On the contrary, 
when the two 2 dot pair of the relatively larger dots such as the dots at level 6 is 
added with a relatively smaller dot^ the influence of the 2 dot pair in which the order 
of shots is symmetrical ttrc is dominant, and therefore, the shots may be fixed in one 
of the pixels 131, 132, 140, 141 without the distribution, by which the coloring is 
substantially uniform. 
(Embodiment 3) 

In Embodiment 1 described her e in before hereinbefore , one pixel is 
constituted by a pair of two dots of the same size, and the order of shots of a pair of 
different size dotes dots of the same color ink is symmetrical, at least for one color. 
In such examples, one pixel is constituted by a pair of two dots, and therefore, the 
examples are preferable when the maximum density of print is desirable such as 
when the images are formed on an OHP sheet. When the maximum density is not 
required, the maximum density may be provided by the relatively larger dot. 

In Embodiment 2, for high density portions, the order of shots of the 
same coloring is symmetrical at least for one color as in the foregoing Embodiments, 
and in the half-tone portions, tiicy use is made with of a symmetrical recording head 
for bidirectional printing, and the combinations of the used recording heads are 
switched between when the recording heads scan in the forward direction and when 
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i t scans they scan in the backward direction. By doing so, the half-tone can be 
expressed in addition to the high density portion, in the bi-directional print. 

It is known that when a so-called lateral a recording head unit^ in 
which the recording heads for the respective colors are arranged in the main scan 
direction^ is used for the bi-directional printing, the order of printing shots arc is 
different between when the recording heads scan in the forward direction and when 
it scans thev scan in the backward direction, and therefore, the coloring is different 
between them. As described in the foregoing, Japanese Patent Application 
Publication Hei 3-77066 proposes that combinations of the recording heads for the 
forward path and the recording heads for the backward path arc be arranged in the 
main scan direction so as to accomplish completely the same order of shots by 
properly switching the combinations. In this embodiment, the prior art is 
considered, and the advantageous effects is thereof are used. 

In this embodiment, they use is made with of switching the 
combinations of control between the high density portion and the low density 
portion in the manner described above. As compared with the using completely 
different combinations, the maximum printing frequency of the recording elements 
can be reduced to one half. In other words, the recordable speed can be doubled. 

When the image data are s t o r e stored at the full address on in the 
memory, and fully solid printing is carried out, the recording is effected by the 
forward combination in the forward path and by the backward combination in the 
backward path in the conventional art, and therefore, it is required to provide the a 
printing frequency meeting the allotment of dots to the full address with the 
recording element. With the conventional system, the maximum density can be 
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allotted to the full address, and therefore, the maximum density is lowered, or 
otherwise, the printing speed has to be lowered. 

According to the system of this embodiment, the printing is effected 
by the forward and backward combinations of a polari t y plurality of the dot 
diameters only for the low density portion, and for the high density portion, the 
recording is effected using both of them, and therefore, V2 recording frequency is 
enough t o maximum for the full address. In the low density portion, the 
bi-directional non-uniformity may result due to variation of the recording elements 
or the like, the image non-uniformity adjacent to maximum density is significantly 
improved, and the printing speed is significantly enhanced. 
(Embodiment 4) 

The In further developing the concept of the present invention is 
further d e v e lop e d , the color non-uniformity due to the bi-directional recording can 
be reduced, even when the symmetrical recording head for the bi-directional print is 
not used . More particularly, in place of the 1 path bi-directional print, a so-called 
multi-path print in which print printing of 1 pixel area is completed by a plurality of 
scans is used to accomplish the similar effects to as the foregoing embodiments. 

The description will be made as to an example in which a recording 
head having a laterally arranged C, M, Y recording elements is used, and blue dots 
are printed through bi-directional multi-path prin t printing . Figure 12 shows a 
conventional example, and Figure 13 shows Embodiment 3 of the present invention. 
In the conventional example, the bidirectional print printing is simply carried out 
using large and small nozzles. In this embodiment, the recording head scans the 
recording material in the forward direction, and thereafter, the recording head is 
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moved relative to the recording material in the sub-scan direction at one half of one 
recording element pitch (here 2) ±1 recording element pitch and three recording 
element pitch, and then, the recording head scans t the recording material, thus 
effecting the multi-path print. 

In t the conventional example of Figure 12, the order of shots of the 
print data are influenced by the scanning direction with the result of color 
non-uniformity. 

In this embodiment shown in Figure 13, a pixel is constituted by a 
pair of the dot dots for print in t the forward path (122 and 121) and the dot dots for 
print in the backward path (120 and 123), by which the order of shots is symmetrical 
for each dot size constituting the pixel, or by which the dots are distributed such that 
asymmetrical dot arrangements appear substantially equally in the scanning direction 
when the arrangements are not symmetric, Htc such that uniform coloring is 
accomplished in the bi-directional printing . 

At icvd levels 6 and 3, the relatively smaller dots provided by cyan 
first and those provided by magenta first; first are uniformly distributed in the 
direction of the raster scan. At level 4, the relatively smaller dots provided by cyan 
first and those provided by magenta first; first are uniformly distributed in the 
direction of the raster scan. 

As described in the foregoing, the control is effected such that 
occurrence probabilities of the pixels^ in which the order of prints for each color arc 
is different, are substantially equal in the forward and backward raster scan diicction 
directions, by which the coloring is substantially uniform macroscopically in the 
forward and backward directions. Therefore, the occurrences of color 
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non-uniformity attributable to the order of application of t the ink in the 
bi-directional printing can be reduced. 

in As also described in the for e going embodim e n t , th e foregoing. 
control is effected such that occurrence probabilities of the pixels^ in which the order 
of prints for each color arc is different, are substantially equal in the forward and 
backward raster scan dir e c t ion directions and in the column direction o f column , by 
which the coloring is substantially uniform macroscopically in the forward and 
backward directions and the column direction of column . However, the present 
invention is not limited to this. The occurrence probabilities may be controlled in 
the predetermined direction in which the color non-uniformity is visually 
remarkable. 

As described in the foregoing, according to the present invention, the 
occurrence of the color non-uniformity attributable to the order of shots of ink can 
be reduced even if the bi-directional printing is effected by application of different 
amounts of ink. 

While the invention has been described with reference to the 
structures disclosed herein, it is not confined to the details set forth and this 
application is intended to cover such modifications or changes as may come within 
the purpose of the improvements or the scope of the following claims. 
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ABSTRACT OF THE DISCLOSURE 

A printing apparatus for forming a color image by applying different 
color inks to a printing material while bi-directionally moving the recording head to 
scan the recording material, the apparatus includes changing means for changing an 
order of applications of the inks of different colors to be applied at least at one 
amount for printing a secondary color to a secondary color pixel area; and forming 
means for forming the secondary color while making the order of applications of the 
inks to at least one of a plurality of the secondary color pixel areas arranged along a 
predetermined direction different from the order of another, by the changing means. 

MAWVtnt 

DC_MAIN 125971 v 1 



